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Method and System of Orthogonal Signal 
Spectrum Overlay (OSSO) for Communications 

Reference to Related Application 

[001] This application claims the benefit of U.S. 

Provisional Application No. 60/444,970 filed February 5, 2003, 
titled Method and Application of Orthogonal Signal Spectrum 
Overlay (OSSO) For Communications, which is hereby 
incorporated by reference. 

Background of the Invention 

[002] The present invention relates generally to 

increasing the spectral efficiency of communications channels 
limited by bandwidth restrictions. The method of the invention 
addresses increasing the bandwidth efficiency of any method of 
communications, whether wired, fiber, cable, wireless, 
optical, IR or RF communications, and at any signal frequency 
or for any channel bandwidth. The methods of prior art have 
not addressed increasing efficiency by overlaying signals in 
ways that are empirically realizable, nor by overlaying 
signals in time and frequency, nor by the specific methods 
described here. The invention increases spectral efficiency by 
increasing the effective bandwidth without increasing the 
physical bandwidth. 



[003] The methods described here permit the spectral 

overlay of signals within a transmitted symbol, each signal 
constituting a separate communications channel that can be 
modulated for data encoding by well-known methods, e.g., 
quadrature amplitude modulation (QAM), but yet without the 
need for additional physical bandwidth. Each signal overlaid 
within a symbol is orthogonal, and not because of spectral or 
time displacement, but because of minimum cross-correlation 
(or minimum least squares) when overlaid. As this new 
multiplexing method requires overlaid orthogonal signals to 
constitute the symbol, the method is called "Orthogonal Signal 
Spectrum Overlay" (OSSO). 

Objects of the Invention 

[004] Prior art does not provide methods for increasing 

spectral efficiency by overlaying signals (as opposed to 
locating subsignals side-by-side and nonoverlapping in time or 
frequency). For example, wavelet packet multiplexing (Wu, 
1998) is a method whereby signals are waveform encoded on 
wavelet packet basis functions for transmission. OSSO differs 
from wavelet packet division multiplexing in that OSSO 
multiplexing is not wavelet coding in the accepted sense of 
dyadic signal decomposition. 



[005] OSSO: 

Is not a tree-shaped decomposition. 

• Is not a linear combination of translated versions of 
functions higher in the tree. 

• Does not necessarily employ up-sampling and down- 
sampling . 

• Has no requirement for banks of actual or virtual FIR 
filters . 

• Is not a version of frequency division multiplexing 
(FDM) , whether orthogonal frequency division multiplexing 
( OFDM ) or otherwise . 

• Does not merely address single bit transmission. 

• Is not sub-band coding. 

• Does not address side-by-side positioning of constituent 
signals in the time or frequency domain. 

In comparison: in the case of OSSO, constituent symbols are 
directly overlaid in both the time and frequency domains, not 
side-by-side displaced or positioned. 

[006] It is an object of the invention to increase the 

bandwidth efficiency of a general bandlimited communications 
channel by orthogonal signal spectrum overlay (OSSO) whereby 
additional communications channels are created which increase 
the effective bandwidth without the requirement of increasing 
the physical bandwidth. 



[ 007 ] It is a further object of the invention to implement 

OSSO by composing transmitted symbols with Weber-Hermite 
functions (Fig 1; Barrett, 1971-7) or derivatives of raised 
cosine pulses, or by any method using signals orthogonal in 
direct overlay (as opposed to by displacement in time or 
frequency ) . 

Summary of the Invention 

[ 008 ] Briefly, the above and all other objects of the 

invention are achieved by a (virtual or actual) orthogonal 
decomposition of the time-bandwidth product (TBP) of a given 
symbol transmitted through a given bandwidth. The TBP is 
expanded in terms of, e.g., Weber-Hermite (WH) functions that 
constitute the eigensignals of the symbol, and are also, in 
the case of WH signals, the eigenmodes of the Fourier 
transform of the given bandwidth. The number of WH signals 
obtained in a specific symbol is set by the size of the TBP of 
the symbol. Separate overlaid streams or channels of data, 
resulting from multiplexing the complete data stream, are 
encoded on each WH signal by conventional, e.g., QAM or AM, 
methods. The OSSO symbol transmitted, which may be in I and Q 
form, is the result of the addition of the WH signals, each of 
which constitutes a separate overlaid communications channel 
but all together occupying the same set physical bandwidth. 



[009 ] At reception, the WH signals composing the OSSO 

symbol are separated by correlation or inner product methods. 
The result of these correlations/inner products in I and Q 
form recapture the signal constellation for each channel that 
are the basis for decoding the data streams before 
demultiplexing each channel from overlaid into serial form. 
[010] The invention features a method for increasing the 

effective communications channel bandwidth beyond that of the 
constrained physical bandwidth, and thereby permitting an 
increase in the data rate of the channel, by orthogonal signal 
spectrum overlay (OSSO) comprising: decomposing the time- 
bandwidth product (TBP) of a given symbol in a data stream 
transmitted through a given physical bandwidth, expanding said 
TBP in terms of an orthogonally overlaid signal basis set 
constituting the eigensignals of said symbol. 
[Oil] The invention further features the method defined 

above wherein the number of orthogonal signals obtained in a 
specific symbol is set by the size of the TBP of the symbol. 
[012] The invention further features the method defined 

above wherein the number of WH signals obtained in a specific 
symbol is set by the size of the TBP of the symbol. 
[013] The invention further features the method defined 

above wherein the complete data stream is multiplexed to 
produce a plurality of data channels, each of which is encoded 
on orthogonal signals. 



[014] The invention further features the method defined 

above wherein OSSO symbols and associated orthogonal signals 
are transmitted in quadrature format (I and Q) and is the 
result of the addition of orthogonal signals, each of which 
constitutes a separate but overlaid communication channel, all 
occupying the same physical bandwidth. 

[015] The invention further features a system for 

increasing the effective communications channel bandwidth 
beyond that of the constrained physical bandwidth, and thereby 
permitting an increase in the data rate of the channel, by 
orthogonal signal spectrum overlay (OSSO) comprising: means 
for decomposing the time-bandwidth product (TBP) of a given 
symbol in a data stream transmitted through a given bandwidth, 
expanding said TBP in terms of Weber-Hermite (WH) functions 
that constitute the eigensignals of said symbol within a set 
channel and means for transmitting the OSSO symbol to a point 
of utilization. 

[016] The invention further features the system defined 

above wherein the number of WH signals obtained in a specific 
symbol is set by the size of the TBP of the symbol. 
[017] The invention further features the system defined 

above including means to multiplex in the complete data stream 
to produce a plurality of data channels, each of which is 
encoded on WH signals. 



[018] The invention further features the system defined 

above wherein OSSO symbols and associated WH signals are 
transmitted in quadrature format (I and Q) and is the result 
of the addition of WH signals, each of which constitutes a 
separate overlaid communication channel, all occupying the 
same physical bandwidth. 

Brief Description of the Drawings 

[019] The above and other objects, advantages and features 

of the invention will become more apparent when considered 
with the following specification and accompanying drawings 
wherein : 

[020] Fig 1 Left column: absolute values for the first 10 

WH signals (WHO - WH9, top to bottom) in both time and 
frequency domains. Right column: real values for the same 10 
WH signals in the time domain. 

[021] Fig 2 Top: the envelope of an OSSO symbol composed 

of four WH signals - hence 4-OSSO represented in both the time 
and frequency domains. Bottom: an Orthogonal Frequency 
Division Multiplexing (OFDM) symbol in the frequency domain. 
In the case of OSSO, signal orthogonality is due to zero 
cross-correlation of the WH signals. In the case of OFDM, 
signal orthogonality is due to the displacement of the 
frequency content of each signal in the frequency domain. 



[022] Fig 3 Top: Representation of the envelope of a 10- 

OSSO symbol showing 10 WH signals (WHO - WH9 ) before 
summation, and in both the time and frequency domains and in 
either I or Q; Middle: Representation of the envelope of a 4- 
OSSO symbol showing 4 WH signals (WHO - WH3) before summation, 
and in both the time and frequency domains and in either I or 
Q. Bottom: Representation of the envelope of a 4-OSSO symbol 
after summation in both the time and frequency domains and in 
either I or Q. 

[023] Fig 4 Representative examples of 10-OSSO symbols in 

either the time or frequency domain after summation and in 
either I or Q. 

[ 024 ] Fig 5 Top: 16-QAM constellation . Bottom: representa- 

tive 10-OSSO in either the time or frequency domains and in 
either I or Q. Each of the WH signals in an OSSO symbol is 
independently modulated according to a QAM scheme in I and Q. 
[025] Fig 6 Representative 10-OSSO symbols in the time or 

frequency domains and in I or Q showing possible amplitude 
levels and with all WH signals equally amplitude modulated. 
[026 ] Fig 7 Representative 10-OSSO symbols with all WH 

signals independently amplitude modulated and in either I or 
Q - 

[027] Fig 8A Examples of cross-correlations of signal 

templates with OSSO symbols in the time domain. Cross- 
correlations of A: The WHO signal template with a 10-OSSO 
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symbol in which WHO is present, and B: with a 9-OSSO symbol in 
which the WHO signal is absent. In A, there is a finite 
amplitude at the zeroth time position; in B the amplitude is 
zero. Cross-correlations of C: The WH9 signal template with a 
10-OSSO symbol in which WH9 is present, and D: with a 9-OSSO 
symbol in which the WH9 signal is absent. In C, there is a 
finite amplitude at the zeroth time position; in D the 
amplitude is zero. 

[028] Fig 8B Examples of cross-correlations of signal 

templates with OSSO symbols in the frequency domain. Cross- 
correlations of A: The WHO signal template with a 10-OSSO 
symbol in which WHO is present, and B: with a 9-OSSO symbol in 
which the WHO signal is absent. In A, there is a finite 
amplitude at the zeroth time position; in B the amplitude is 
zero. Cross-correlations of C: The WH9 signal template with a 
10-OSSO symbol in which WH9 is present, and D: with a 9-OSSO 
symbol in which the WH9 signal is absent. In C, there is a 
finite amplitude at the zeroth time position; in D the 
amplitude is zero. 

[ 029 ] Fig 9A: Outer products of WHO and 10-OSSO symbol 

with WHO Present (left) and Absent (right) from OSSO symbol. 
[ 030] Fig 9B: Outer products of WH9 and 10-OSSO symbol 

with WH9 Present (left) and Absent (right) from OSSO symbol. 
[031] Fig 10A Top: WHO in I (left) and Q (right) showing 

amplitude level relationship to a 16-QAM constellation. 



Bottom: WH1 showing the same relationship but to a separate 
16 -QAM constellation . 

[032] Fig 10B Top: WH2 in I (left) and Q (right) showing 

amplitude level relationship to a 16-QAM constellation. 
Bottom: WH3 showing the same relationship but to a separate 
16-QAM constellation. 

[033] Fig 11A Representative OSSO transmitter: 4-OSSO-32 

in which the OSSO symbol is constituted of four WH signals: 
WHO, WH1, WH2 and WH3, each of which is modulated in I and Q 
to form four separate 32-QAM channels. This representation is 
for illustration purposes as many functions can be performed 
in software and programmable devices such as FPGAs and DSPs. 
[034] Fig 11B Representative OSSO receiver (point of 

utilization): 4-OSSO-32 in which the OSSO symbol is 
constituted of four WH signals: WHO, WH1, WH2 and WH3 , each of 
which has been modulated in I and Q to form four separate 32- 
QAM channels. This representation is for illustration purposes 
as many functions can be performed in software and 
programmable devices such as FPGAs and DSPs. 

[035] Fig 12 Representation of positioning of transmitted 

OSSO symbols using either TDMA or CDMA codes. 
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Detailed Description of the Invention 

[036] WH signals (Fig 1) are orthogonal in both the time 

and frequency domains when overlaid within a transmitted 
symbol - the OSSO symbol - and occupy no more physical 
bandwidth than that required for the WH signal of the largest 
time-bandwidth product. The number of WH signals that can 
occupy a given OSSO symbol is set by the time-bandwidth 
product of the OSSO symbol. The WH signals overlaid within the 
symbol are orthogonal in both the time and frequency domains, 
and the orthogonality of these WH signals does not arise from 
sub-band displacement in time as in the case of Walsh 
functions, in frequency, as in the case of wavelets or OFDM 
(see Fig 2 for comparison). The orthogonality of WH signals is 
due to their correlation properties when precisely overlaid. 
[ 037 ] The summation of the WH signals constitutes the 

envelope of an OSSO symbol which is transmitted in both I and 
Q form (Fig 3). The WH signals can be generated analytically, 
so the OSSO symbol can be generated digitally (Fig 4). Each of 
the WH signals within an OSSO symbol is modulated, e.g., QAM- 
modulated, in I and Q (Figs 5, 6 and 7). 

[038] Examples of cross-correlations of signal templates 

with OSSO symbols in the time and frequency domains are shown 
in Figs 8A and B. These show cross-correlations of the WHO or 
a WH9 signal template with a 10-OSSO or 9-OSSO symbol in which 
the WHO or WH9 signal is either present or absent. When the 



relevant signal is present, there is a finite amplitude at the 
zeroth time position. When the relevant signal is absent, the 
amplitude at the zero time position is zero. In practice, 
signal recapture can utilize the inner products of signal 
templates with OSSO symbols, 

[039] To illustrate the fundamental nature of the WH 

signals with respect to the time-bandwidth product overlay 
within the OSSO symbol, outer products of signal templates 
with OSSO symbols are shown in Figs 9A and B. These show the 
outer product of the WHO or WH9 signal template with a 10-OSSO 
or 9-OSSO symbol in which the WHO or WH9 signal is either 
present or absent. When the relevant signal is present, there 
is a distinctively different surface pattern than when the 
signal is absent. 

[030 ] Each WH signal within an OSSO symbol is 

independently modulated. As illustration, Fig 10A and B show 
how the signals WHO, WH1, WH2 and WH3 are independently 16-QAM 
modulated . 

[041] The general methods for OSSO transmission and 

reception at a point of utilization are shown in Figs 11A and 
B. (These are schematic designs for purposes of illustration 
and in practice operations that are made explicit in these 
designs can be performed by dedicated and programmable 
electronic devices such as FPGAs and DSPs.) There is an 
initial serial-to-parallel conversion of the data stream into 



words that are assigned to specific WH signals (Fig 11A). The 
amplitude of each WH signal in I and Q form assigns a word of 
information to a constellation. Thus each WH signal forms a 
different information channel that represents and conveys a 
different word of information. The different WH signals - in 
the case illustrated in Fig 11A there are four WH signals - 
are summed in I and Q to form the OSSO symbol envelope. This 
envelope then is D-to-A converted and modulates the carrier in 
I and Q. Thus the carrier is only of consequence to the data 
encoding in providing an I and Q phase reference. 
[042] The reception follows the transmission procedure in 

reverse (Fig 11B) but with the additional step of correlative 
recapture of the separate WH signals from the OSSO symbol. 
Before that step, the carrier is removed in I and Q form, thus 
permitting the recapture of the OSSO envelope in I and Q form. 
After A-to-D conversion of these envelopes in I and Q, both 
are correlated in parallel against templates of the WH signals 
as previously described, of which in this particular example 
there are four. The output of each correlation operation is a 
single amplitude value that permits the recapture of the 
individual channel QAM constellations, defining the individual 
words of information. Finally, the serial data stream is 
recaptured by a parallel-to-serial operation on these words. 
[043] These methods described above address the 

transmission and reception of OSSO symbols. The symbols 



themselves can be positioned in time in frames according to 
well-known methods using (time-displacement positioning) 
orthogonal codes utilized in, e.g., TDMA and CDMA schemes (Fig 
12). As the carrier is relevant only in providing I and Q 
forms, OSSO can be used as a modulation on any or all separate 
individual carriers that are sub-bands of a broader bandwidth 
channel . 

Preferred Embodiment of the Invention 

[044] The invention can be instantiated in a variety of 

ways to those familiar in the art of electronics - both in 
hardware, e.g., FPGAs , DSPs, A-to-D and D-to-A converters, 
serial-to-parallel and parallel-to-serial converters, LOs of 
any frequency, or a combination of hardware and software. The 
invention can be instantiated for wired, fiber, cable, 
wireless, optical, IR or RF communications systems, and at any 
signal frequency or for any channel bandwidth. The invention 
can also be instantiated with signals other than WH signals, 
e.g., derivatives of raised cosine pulses, or by all signals 
orthogonal in direct overlay (as opposed to by means of 
displacement ) . 

Applications 

[045] The method and apparatus constructed according to 

the method have applications in increasing the spectral 



efficiency of communications channels limited by bandwidth 
restrictions. The method of the invention applies to any 
method of communications, whether wired, fiber, cable, 
wireless, optical, IR or RF communications, and at any signal 
frequency or for any channel bandwidth. The invention 
increases spectral efficiency by increasing the effective 
bandwidth without increasing the physical bandwidth. 
[046] in communications channels in general" — whether 

wired, fiber, cable, wireless, optical, IR or RF 
communications, and at any signal frequency or for any channel 
bandwidth, the invention features: 

• Methods for increasing an effective communications 
channel bandwidth beyond that of the constrained physical 
bandwidth of that channel. 

• Methods for greatly increasing the spectral efficiency 
(bits/sec/Hz) of a communications channel by increasing 
the effective bandwidth. 

• Methods that employ orthogonal signal spectrum overlay 
(OSSO) in a communications channel. 

• Methods that employ either Weber-Hermite 
functions/signals or derivatives of raised cosine pulses 
or similar or related functions/signals to achieve OSSO. 

• Methods that employ overlaid orthogonal signals to 
achieve OSSO. 



[047] . While the invention has been described in relation 
to preferred embodiments of the invention , it will be 
appreciated that other embodiments , adaptations and 
modifications of the invention will be apparent to those 
skilled in the art. 



